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Abstract 

Neogondolelliform  conodont  elements  having  morphological  features  identical  to  those  of  the  cono- 
dont  genus  Neogondolella  are  increasingly  being  reported  from  strata  of  Pennsylvanian  age.  It  has 
been  suggested  that  Neogondolella,  which  until  now  has  been  considered  to  be  Permian  and  Triassic 
in  age,  is  probably  polyphyletic.  While  it  is  possible  to  interpret  geologically  younger  species  as  ho- 
meomorphs  of  Early  and  Middle  Pennsylvanian  taxa  at  present  without  satisfactory  generic  assign- 
ment, it  is  doubtful  to  us,  in  the  light  of  known  cases  of  homeomorphy,  that  homeomorphy  of  such 
an  exact  nature  took  place.  Since  we  cannot  distinguish  these  two  groups  morphologically  and  be- 
cause phylogenetic  lineages  have  not  been  convincingly  demonstrated  for  them,  at  present  we  con- 
sider Pennsylvanian  neogondolelliform  conodonts  to  be  species  of  Neogondolella,  sensu  stricto.  The 
irregular  occurrence  of  neogondolelliform  conodonts  in  the  Pennsylvanian  is  believed  to  reflect  en- 
vironmental restrictions  even  more  stringent  than  those  noted  previously  for  species  of  Gondolella. 

Neogondolelliform  conodonts  appear  near  the  base  of  the  Pennsylvanian  and  are  therefore  con- 
siderably older  than  the  first  species  of  Gondolella.  A  common  ancestor  for  the  two  morphologically 
similar  groups  has  not  been  found  but  the  possibility  remains  that  species  of  Gondolella  sprang  from 
those  of  Neogondolella,  rather  than  the  reverse,  as  has  been  proposed. 


Introduction 

Species  of  Neogondolella  Bender  and  Stoppel 
(1965)  have  come  to  be  thought  of  as  Per- 
mian and  Triassic  and  those  of  Gondolella 
Stauffer  and  Plummer  (1932)  as  primarily  of 
Middle  and  Late  Pennsylvanian  age.  Indeed, 
Clark  (1972)  suggested  the  phylogenetic  de- 
rivation of  a  species  of  Neogondolella,  N. 
bisselli  (Clark  and  Behnken),  from  a  species 
of  Gondolella,  which  he  identified  as  G.  bella 
Stauffer  and  Plummer,  in  the  early  Wolf- 
campian.  With  such  a  suggested  phylogeny  it 
is  paradoxical  that  conodont  elements  with 
the  morphology  of  those  of  species  of 
Neogondolella  are  increasingly  being  re- 
ported from  strata  of  Pennyslvanian  age 
(Table  1).  The  question  arises  whether  these 
neogondolelliform  conodonts  can  reason- 
ably be  referred  to  the  genus  Neogondolella 
or  whether  they  are  rather  exact  heterochro- 
nous  homeomorphs  of  "true"  species  of 
Neogondolella  and  hence  should  be  assigned 
to  a  new  genus. 

Materials  and  Methods 

Neogondolelliform  conodont  elements  col- 
lected by  G.K..  Merrill  from  the  Lower  Penn- 
sylvanian of  Texas  and  discussed  by  Merrill 
and  King  (1971)  were  studied.  Similar  neo- 
gondolelliform conodont  elements  from  the 
Pennsylvanian  of  the  Canadian  Arctic  were 
examined  through  the  courtesy  of  Dr.  P.K. 
Bender  of  Philipps  Universitat,  Marburg/ 
Lahn,  West  Germany.  Neogondolelliform 
conodonts  occurring  in  rocks  of  Pennsylva- 
nian age  elsewhere  have  been  tabulated  in 
Table  1  and  were  not  examined  first  hand. 
Our  understanding  of  species  of  Gondolella  is 
based  not  only  on  the  relevant  literature,  but 
is  also  derived  from  our  independent  studies 
of  these  Pennsylvanian  conodonts  (von  Bit- 
ter, 1972,  1976;  Merrill,  1975). 

Neogondolelliform  Conodonts 
in  the  Pennsylvanian 

Ellison  and  Graves  (1941)  in  their  work  on 
the  conodont  faunas  of  the  Lower  Pennsyl- 
vanian Dimple  Formation  of  Texas  were  the 
first  to  record  a  conodont,  which  we  recog- 
nize as  having  a  neogondolelliform  morphol- 


ogy, from  strata  of  Pennsylvanian  age.  This 
and  subsequent  reports  of  conodonts  inter- 
preted by  us  as  having  this  morphology  and 
occurring  in  the  Middle  and  Lower  Upper 
Carboniferous  are  summarized  in  Table  1. 
With  the  possible  exception  of  Gondolella 
fujimotoi  Igo  and  Kobayashi,  the  types  of 
which  are  poorly  preserved  and  could  repre- 
sent a  species  of  Gondolella  similar  to  G 
laevis  Kosenko  and  Kozitskaya,  each  of 
these  occurrences  documents  Pennsylvanian 
elements  with  the  morphology  characteristic 
of  species  of  Neogondolella. 

Definition  of  Neogondolella 

Neogondolella  was  defined  by  Bender  (1967: 
516)  as  "a  conodont  genus  of  the  form  that 
develops  from  the  genus  Spathognathodus  in 
the  lowermost  Triassic.  .  .  .According  to  the 
principles  of  the  artificial  system  the  genus 
would  be  placed  in  the  form-genus 
Gondolella"  [von  Bitter's  translation].  Sweet 
(1970;  Teichert,  Kummel,  and  Sweet,  1973) 
gave  a  more  objective  definition.  He  noted 
that  elements  of  Neogondolella,  in  contrast  to 
those  of  [the  Sp  elements  of]  Gondolella,  have 
a  finely  to  coarsely  pitted  platform,  a  plat- 
form that  is  continued  around  the  posterior 
side  of  the  cusp  as  a  more  or  less  pro- 
nounced brim,  and  anteriorly  thin  growth  la- 
mellae. He  further  noted  that  Clark  and 
Mosher  (1966)  showed  that  conspicuous  dif- 
ferences in  undersurface  morphology  ex- 
isted between  elements  of  the  two  genera.  Fi- 
nally, Sweet  (1970)  stated  that  the  skeletal 
apparatus  of  Gondolella,  in  contrast  to  that 
of  Neogondolella,  contained  elements  of 
more  than  a  single  type. 

Pennsylvanian  Neogondolelliform 
Elements  and  their  Phylogenetic  Significance 

Conodonts  from  the  Morrowan  of  Texas 
show  all  the  features  (Fig.  1)  characteristic  of 
species  of  Neogondolella.  These  include  the 
coarsely  pitted  platform,  the  distinctive 
undersurface  morphology,  and  the  pro- 
nounced brim  around  the  posterior  side  of 
the  element,  all  of  which  were  given  as  defi- 
nitive features  by  Sweet  (in  Ziegler,  1973)  in 
his  revised  diagnosis  of  Neogondolella.  Speci- 
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mens  from  strata  of  Atokan-Desmoinesian 
age  from  the  Canadian  Arctic  show  a  similar 
structure  to  the  figured  specimens  from 
Texas  and  could  not  be  distinguished  from 
those  of  species  of  Neogondolella  by  Sweet 
(pers.  comm.,  1975)  or  by  von  Bitter. 

The  importance  of  the  pitted  ultra- 
sculpture  covering  the  upper  surface  of  the 
platforms  of  species  of  Neogondolella  cannot 
be  overemphasized.  These  pits  cover  much 
of  the  upper  surface  of  elements  of  every 
known  species  of  Neogondolella  (see  for  ex- 
ample Behnken,  1975,  pis.  1  and  2;  von  Bit- 
ter, 1976,  fig.  5),  but  are  either  lacking  or  re- 
stricted to  the  lateral  margins  (von  Bitter, 
1976)  of  the  corresponding  elements,  the 
platform  or  Sp  elements,  in  species  of 
Gondolella.  That  is  true  even  in  the  oldest 
known  fully  platformed  species  of  Gondolel- 
la, G.  laevis  Kosenko  and  Kozitskaya  [  = 
Gondolella  n.  sp.  A  of  Merrill  and  King,  1971 
and  G.  pulchra  of  Merrill,  1975,  as  shown  in 
Fig.  2.  This  species  was  a  contemporary  of 
Pennsylvanian  neogondolelliform  conodont 
species  similar  to  Neogondolella  clarki  (Koike). 

The  recovery  over  the  years  (Table  1),  by 
a  number  of  authors,  of  neogondolelliform 
conodont  elements  seemingly  indistinguisha- 
ble from  species  of  Neogondolella,  from 
strata  of  Early  and  Middle  Pennsylvanian 
age,  can  be  interpreted  in  two  ways: 

a)  Species  of  Neogondolella  are  not  re- 
stricted to  strata  of  Permian  and  Trias- 
sic  age,  but  ranged  from  the  Early  Penn- 
sylvanian to  the  Triassic. 

b)  Permian  and  Triassic  species  of 
Neogondolella  are  homeomorphs  of 
Early  and  Middle  Pennsylvanian  taxa 
that  at  present  are  without  satisfactory 
generic  assignment. 


Discussion 

The  first  interpretation  of  the  irregular 
occurrences  of  these  Pennsylvanian 
Neogondolella-hke  forms  is  that  they  were 
subject  to  environmental  restrictions  similar 
to  those  noted  for  species  of  Gondolella 
(Merrill  and  von  Bitter,  1976).  Indeed,  with 
no  known  occurrences  of  elements  like  these 
from  rocks  of  Missourian  or  Virgilian  age 
worldwide,  the  restriction  would  need  to  be 
considerably  more  confining  and  might  in- 
clude zoogeographic  as  well  as  ecologic  con- 
trols. What  the  nature  of  these  controls 
might  have  been  is  at  present  unknown,  but 
there  is  no  compelling  reason  to  believe  that 
it  was  similar  to  the  environmental  restraints 
upon  the  distribution  of  species  of  Gondolel- 
la, sensu  stricto. 

The  second  interpretation  would  be  con- 
sistent with  the  concept  put  forward  by 
Sweet  {in  Ziegler,  1973:  128)  that  "the  group 
of  species  herein  assigned  to  Neogondolella 
may  be  polyphyletic"  and  "It  is  likely  that 
several  unnamed  stocks  are  represented  by 
the  more  or  less  isolated  species  here  as- 
signed to  Neogondolella".  Although  Sweet 
may  be  correct  in  his  view  that  species  at 
present  assigned  to  Neogondolella  are  poly- 
phyletic, we  remain  sceptical  that  homeo- 
morphy  of  such  an  exact  nature  could  have 
taken  place.  Even  in  well-documented  in- 
stances of  homeomorphy,  as  for  example 
that  between  species  of  Patrognathus, 
Clydagnathus,  and  Cavusgnathus  (Austin, 
1973),  it  is  important  to  note  that  the  degree 
of  homeomorphy  was  never  as  exact  as  in 
the  case  under  discussion.  Because  we  can- 
not distinguish  Pennsylvanian  neogondolel- 
liform conodonts  from  similar  Permian  and 
Triassic  forms  and  because  phylogenetic 
lineages   have   not  been   demonstrated  for 


Fig.  1     a-f   Neogondolella  clarki  (Koike),  Texas,  San  Saba  Co.,  Marble  Falls  Limestone  (Morrowan),  ROM  30680, 
30681. 

a  Oral  view,  rom  30680. 
b  Enlarged  view  of  anterior  portion,  ROM  30680. 

C.  Lateral  oral  view  of  side  of  denticle,  rom  30680. 

D.  Enlarged  view  of  anterior  portion  showing  anterior  brim,  rom  30681. 
E  Enlarged  view  of  aboral  edge  microsculpture,  rom  30680. 

F.  Aboral  view,  rom  30680. 


them,  at  present  we  consider  Pennsylvanian 
neogondolelliform  conodonts  to  represent 
species  of  Neogondolella,  sensu  stricto.  Fur- 
ther study  of  Pennsylvanian  occurrences  of 
neogondolelliform  elements  may  make  it 
possible  to  demonstrate  that  the  animals  in- 
volved bore  more  than  one  kind  of  element 
in  their  apparatuses.  In  both  the  Texas  and 
the  Canadian  Arctic  occurrences  (Table  1)  a 
few  poorly  preserved  ramiform  elements, 
possibly  belonging  in  the  apparatus  of  a 
species  of  Neogondolella,  were  found  associ- 
ated with  the  neogondolelliform  conodont 
elements.  If  Sweet's  conclusion  (1970;  in 
Ziegler,  1973),  since  challenged  by  Kozur 
(1976),  that  Permian  and  Triassic  species  of 
Neogondolella  possessed  an  apparatus  con- 
sisting of  only  a  single  kind  of  element, 
proves  to  be  correct;  possession  of  multiple 
elements  by  the  Pennsylvanian  forms  would 
constitute  sufficient  ground  for  removing 
them  to  a  separate  genus. 

According  to  Merrill  and  King  (1971),  ad- 
vanced Desmoinesian  species  of  Gondolella, 
and  by  extension  Missourian  ones  including 
Gondolella  elegantula  Stauffer  and  Plummer, 
the  type  species,  were  descendants  of  G. 
gymna  Merrill  and  King.  Depending  upon 
locality,  the  beds  from  which  G.  gymna  were 
recovered  are  either  uppermost  Atokan  or 
lowermost  Desmoinesian,  but  in  either  case, 
species  of  Neogondolella  appearing  near  the 
base  of  the  Pennsylvanian  evolved  earlier 
than  did  species  of  Gondolella.  Since  the 
groups  are  morphologically  much  more  simi- 
lar to  each  other  than  to  other  conodonts 
with  which  they  are  associated,  it  is  not  un- 
reasonable to  interpret,  as  has  already  been 
done  by  Clark  (1972),  that  they  are  phylo- 
genetically  related.  A  common  ancestor  for 
the  two  groups  has  not  been  found  but  the 
strong  possibility   remains   that  species  of 


Gondolella  sprang  from  species  of 
Neogondolella,  rather  than  the  reverse  as  has 
been  proposed  (Clark,  1972). 

The  suggested  xaniognathid  origin  for 
species  of  Neogondolella  proposed  by  Sweet 
(1970;  in  Ziegler,  1973)  will  be  discussed  for 
the  sake  of  completeness  in  considering  the 
origin(s)  of  Neogondolella.  Xaniognathus 
Sweet  (1970)  was  based  on  ozarkodiniform 
blade-like  conodont  elements  which  were 
"not  closely  associated  in  range  and  fre- 
quency of  occurrence  with  any  other 
elements"  (Sweet,  1970:  262)  and  were  inter- 
preted to  have  been  "the  only  components  of 
the  skeletal  apparatus  of  the  conodonts  that 
secreted  them"  (ibid.).  The  fact  that  species 
of  both  Neogondolella  and  Xaniognathus 
were  interpreted  to  have  borne  elements  of 
only  one  kind  was  a  strong  factor  in  leading 
Sweet  to  suggest  a  phylogenetic  derivation  of 
Neogondolella  from  Xaniognathus. 

The  proposed  xaniognathid  origin  for 
species  of  Neogondolella  appears  unlikely  to 
us,  particularly  in  light  of  the  conclusion 
(Kozur,  1976)  that  species  of  the  latter  bore 
conodont  elements  of  more  than  one  type 
and  that  these  species  had  an  element 
makeup  directly  comparable  to  that  of  spec- 
ies of  Gondolella  as  shown  by  von  Bitter 
(1972,  1976)  and  by  Merrill  (1975).  Instead  it 
seems  more  probable  to  us  that  xaniogna- 
thodiform  conodont  elements,  rather  than 
being  ancestors,  were  in  fact  biological  com- 
ponents of  one  or  more  species  of 
Neogondolella.  This  suggestion  is  supported 
by  the  similar  overall  distribution  (range)  of 
species  of  Xaniognathus  and  Neogondolella 
(Sweet,  1970,  table  1).  The  difference  in 
frequency  noted  by  Sweet  is  believed  to  rep- 
resent the  normal  under-  and  over- 
representation  of  ramiform  and  platform  co- 
nodont elements,  respectively,  that  are  corn- 


Fig.  2    a-e  Gondolella  laevis  Kosenko  and  Kozitskaya,  Illinois,  Rock  Island  Co.,  Seville  locality  1 1  of  Merrill  and 
King  (1971),  "Seville"  Limestone  Member  (Atokan  or  Desmoinesian),  rom  34444. 
a.  Lateral  view. 

B.  Enlarged  lateral  view  of  anterior  denticles. 
C  Enlarged  oral  view  of  anterior  denticles. 
d  Aboral  view. 
E  Enlarged  view  of  basal  cavity. 


mon  in  Late  Palaeozoic  conodont  faunas 
(von  Bitter,  1972,  1976).  It  is  significant  that 
Sweet  (1970:  263)  observed  that  Neogondo- 
lella  carinata  (Clark)  and  some  large  speci- 
mens of  Xaniognathus  eurvatus  Sweet  shared 
certain  platform  characteristics,  but  that  the 
latter  are  distinguished  from  N.  carinata  by 


retention  of  a  short  posterior  process.  We  be- 
lieve this  to  represent  a  symmetry  transition 
among  anatomical  associates  much  like  that 
reported  between  the  Sp  and  Oz  elements  of 
Gondolella  denuda  Ellison  (von  Bitter,  1972) 
and  Gondolella  gymna  Merrill  and  King 
(Merrill,  1975). 
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